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INTRODUCTION 
Of the parasitisms in swine, infection with large roundworm 
(Ascaris suum) has attracted much attention as a result of its prevalence 
and economic inçortance. According to surveys (Gaafar, 1961 and Bennett 
and Copeman, 1970) the incidence of ^  suum in feeder pigs in the mid-
westem states of the United States of America ranges from 48.4% to 
64.61. In 1965 the United States Department of Agriculture estimated 
that annual losses due to swine ascariasis amount to $34,812,000. This 
figure included $34,129,000 lost due to morbidity and $683,000 lost due 
to mortality (U.S.D.A., 1965). 
In view of the importance of this parasitism in swine, much work has 
been done on the pathogenesis of swine ascariasis. In particular many 
attençts have been made to elucidate the mechanisms of host responses to 
ascariasis. It has been shown that exposure to A. suum infections induces 
an antibody response in the host. It has been suggested, however, that 
antibodies alone have no parasiticidal effects on the juvenile stages 
(Crandall and Arean, 1964), but might mediate cell adherence reactions to 
the juvenile stages in infected hosts (Soulsby, 1961a, 1963 and Crandall 
et al., 1967). However, it is not clear that antibodies are required, 
since Jeska (1969) reported cell adherence reactions (CAR) to ^  suum 
juveniles in both infected and noninfected mice. 
Soulsby (1967) and Morseth and Soulsby (1969a) described adherence 
of pyroninophils (antigen-stimulated, sensitized cells) to antibody-
sensitized ^  suum juveniles m vitro. Soulsby (1970) inferred that 
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adhesion of large pyroninophilic cells might be associated with cell-
mediated immunity (Oil). 
Responses to ^  suum usually have been studied in mice, rabbits and 
guinea pigs. However, these hosts are considered to be "unnatural" 
hosts, and host responses in these "unnatural" hosts could be different 
frcMi those in the "natural" host. In view of these considerations, 
questions can be raised whether CAR that occurs in mice and rabbits also 
takes place in swine, or are these artificial responses that are seen 
only in the "unnatural" hosts? 
In view of these considerations and since the author is not aware of 
any studies suggesting CMI in mice or swine infected with ^  suum and the 
occurrence of CAR in swine during A. suum infections, the present studies 
were undertaken to investigate CMI in ascariasis and to compare CAR and 
CMI responses in mice and swine in order to deteimine the suitability of 
mice as an experimental model for Ascaris suum infections. Attempts were 
also made to establish a correlation between CAR and delayed hypersensi­
tivity responses in ascariasis. 
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REVIEW OF LITERATURE 
Life Cycle of Ascaris suum 
The life cycle of Ascaris suum in its "natural" host, swine, con­
sists of extensive migration through several tissues over a period of 
several days. Swine become infected by ingesting embryonated eggs of A. 
suum. Second-stage juveniles hatch in the stomach and small intestines 
6 to 8 hours after infection. During the period of 8 to 18 hours after 
infection 68% of the early second-stage juveniles appear in the liver. 
In the liver, the juveniles develop through late second stage, undergo a 
second molt, and advance to early third stage 10 to 36 hours after in­
fection. By 36 hours 95% of the juveniles in the liver are in the early 
third stage. From 4 to 7 days after infection, increasing numbers of 
juveniles developing through the third stage are found in the lungs. 
Late third stage juveniles begin a tradieal migration fran 7 to 8 days 
after infection and appear in increasing numbers in the small intestines 
8 to 10 days after infection. In the small intestines, the juveniles 
complete their development through the third stage, molt a third time by 
9 days after infection, and become fourth-stage juveniles by the tenth 
clay. Fourth-stage juveniles develop and mature to adults (Douvres, 
Tromba and Malakatis, 1969). 
In view of the fact that it has been common to use mice, rabbits and 
guinea pigs to investigate host responses to ^  suum, it might appear 
that there could be some differences in the host responses and behavior 
of A. buuiii in the "natural"' and the •'unnatural"' hosts, it has been re­
ported that embryonated ^  suum eggs hatch in these "unnatural" hosts 
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(rats, mice, rabbits and guinea pigs), and that the migration and devel­
opment of the hatched juveniles is similar to that in the "natural" host 
as far as the lung-stages. However, the juveniles rarely mature (Sprent, 
1952; Olsen and Kelley, 1960; Jenkins, 1968; Bindseil, 1970a; and Douvres 
and Tromba, 1971). Douvres and Tromba (1971) studied the comparative de­
velopment and migratory patterns of A. suum in rabbits, mice, guinea 
pigs, and swine, using body measurements of juveniles, organs in which 
juveniles were located, anatomical features of juveniles, and the number 
of days required for juvenile development as common criteria. They con­
cluded that the development of ^  suum is identical in both "natural" and 
"unnatural" hosts iq) to to lung-stage juvenile of ^  suum. 
Reasons for failure of helminth parasites to reach adult stages in 
the "unnatural" hosts are not clear. It has been suggested that general­
ly helminths fail to mature in the "unnatural" hosts (1) due to innate 
immunity against late stages or continued development, but not against 
the migration and development of early helminthic juveniles (Taliaferro, 
1940) and/or (2) due to the fact that adults seem to be more specific in 
their requirements than are immature stages (Levine, 1968 and Sprent, 
1969). 
Host Resistance to Helminths 
Host resistance is an important facet of host-parasite relation­
ships. Various responses may become involved during the infective proc­
ess and influence this relationship. 
Chandler (1932) suggested that a host reacted to an invading hel­
minth by producing antibodies against substances of the parasite and 
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proposed that these antibodies affected the helminth by interfering with 
the parasite's metabolism, partially or conçletely inhibiting the para­
site's development and reproductive capabilities. 
Taliaferro (1940) postulated that "functional iummity" to helminth 
parasites is manifested by the following effects on the helminths: (1) 
absence of mature helminths or reduced helminth burden; (2) delayed mi­
gration and arrest of juvenile stages; (3) retarded growth of juveniles 
and adults; and (4) lowered fecundity of mature females. These criteria 
for measuring resistance to helminths have been applied extensively by 
workers in the field of helminth immunity. 
Since these early reports, much work has been done in the field of 
immune responses to helminth parasites, and many reviews are available 
(Taliaferro, 1940; Culbertson, 1941; Soulsby, 1961a and b, 1963, 1970, 
and 1972; Urquhart et al., 1962; Sinclair, 1970; Pan American Health 
Organization, W.H.O., 1967; Jackson et al., 1969; and Technical Reviews 
Second International Congress of Parasitology, 1970). 
Acquired resistance to Ascaris suum 
Under natural conditions, swine are repeatedly exposed to subclini­
cal infections of ^  suum. It is commonly known that swine acquire par­
tial or complete resistance to heavy infections under natural conditions. 
A. suum embryonated eggs are satisfactory immunizing agents, and 
have been used extensively to study host responses to ^  suum (Sprent and 
Chen, 1949; Soulsby, 1963; Taffs, 1961b, 1963, 1964, 1965, and 1968; 
Kelley and Nayak, 1964; Crandall and Arean, 1965; and Bindseil, 1969a and 
b and 1970b and c. It appears that embryonated eggs induce protective 
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responses in hosts against challenge infections because during the in­
fections the host is exposed to a series of immunizing antigenic stimuli 
such as scanatic antigens and metabolic products, consisting of molting 
fluids and excretory and secretory substances. 
Varieties of criteria have been used to demonstrate host responses 
to A. suum infections. They are: (1) demonstration of humoral anti­
bodies; (2) circumlarval precipitates; (3) effects of host responses on 
juveniles after challenge infection; (4) cell adherence reactions; and 
(5) cell-mediated immune responses. 
Antibody responses In animals naturally or artificially infected 
with ^  suum, humoral antibodies against eggs, whole worm extracts, vari­
ous ascarid organs, second-stage and third-stage juveniles, metabolic 
products of juvenile stages, and pseudocoelomic fluids have been demon­
strated (Taffs, 1961b and 1963; Justus and Ivey, 1969; Williams and 
Soulsby, 1970; Oliver-Gonzalez, 1969; and Oliver-Gonzalez et al., 1969). 
There are few reports dealing with the characterization of antibody 
responses to ^  suum. After active immunization, a rise in serum globu­
lins in pigs (Kelley and Nayak, 1965a), Ig^l and IgG in mice, and IgG in 
rats (Crandall and Crandall, 1967 and 1971) have been reported. IgE re­
sponse to ^  suum has also been reported in man, rhesus monkey (Weiszer 
et al., 1968), rat (Strejan and Campbell, 1968), and guinea pigs (Dobson 
et al., 1971). 
Circumlarval precipitates Taliaferro and Sarles (1939) observed 
prccipitatES at the oral, anal, arid excretory pores and in Lhe intestinal 
tract of juveniles and adult forms of Nippostrongylus muris, when 
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incubated with honologus antiserum or inçlanted in previously infected 
rats. Oliver-Gonzalez (1943), Soulsby (1957b), Taffs (1961a), and 
Crandall et al. (1963) reported similar precipitates at the natural ori­
fices of lung-stage ^  suum juveniles incubated in serum from ^  suum in­
fected animals. These circumlarval precipitates have been interpreted as 
antigen-antibody complexes involving excretion and secretion products of 
juveniles. It was suggested that these precipitates immobilized juven­
iles and had a paras it icidal effect (Oliver-Gonzalez, 1943 and Taffs, 
1961a). However, Crandall and Arean (1964) failed to observe parasiti-
cidal effects on ^  suum juveniles implanted in diffusion chambers in 
immune mice, but reported inhibition of juvenile growth. It appears that 
the inhibition of juvenile growth may have been due to specific anti­
bodies, because there was no inhibition of growth vAien A. suum juveniles 
were inplanted in diffusion chambers in mice immunized against Trichi-
nella spiralis. They further observed that the inhibited juveniles from 
immune mice resumed normal growth when transferred into noniiranune mice. 
It was suggested that the immunological attack was probably directed 
against the nutrition of the parasites and might involve enzyme anti­
bodies. 
Effects of host responses on juveniles after challenge infection 
Repeated feeding of infective ^  suum eggs in subclinical doses induced 
resistance to reinfection in swine (Kelley and Nayak, 1964 and Taffs, 
1968). This acquired resistance to reinfection could be due either to 
failure of infective stages to infect the host, or to the increased host 
resistance to the migration of juveniles and to the inhibition of 
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juvenile growth. Sprent and Chen (1949) reported that the number of A. 
suim juveniles migrating through the liver and lungs of immunized mice 
(with repeated doses of infective eggs) was considerably lower than the 
number migrating in the nonimmunized mice. In addition to fewer migrat­
ing juveniles, they also observed that juveniles in immunized mice were 
stunted and encapsulated by cellular reactions consisting of neutrophils, 
lynçhocytes, macrophages, and eosinophils. 
Host resistance to the migration of juveniles and retardation of 
juvenile growth has been reported in ^  suum-infected mice (Crandall and 
Arean, 1965; Crandall, 1965; Bindseil, 1969a and b, 1970b and c, and 1971; 
and Guerrero and Silverman, 1969 and 1971), guinea pigs (Soulsby, 1957a 
and b and 1963; Taffs, 1960, 1961c and 1965; Matoff and Terzijski, 1966; 
Casarosa, 1969; and Casarosa and Macchioni, 1969), rabbits (Arean and 
Crandall, 1962; Taffs, 1965; and Berger and Wood, 1964), and swine (Taffs, 
1964 and 1968; Kelley and Nayak, 1964, 1965a and b). 
Cell adherence reactions Soulsby (1961a) observed adhesion of 
eosinophils to lung-stage ^  suum juveniles after they had been intro­
duced into the peritoneal cavities of immune guinea pigs. In further 
studies, Soulsby (1963) described m vivo adhesion of eosinophils and 
pyroninophilic cells to lung-stage Ascaris juveniles and Nippostrongylus 
juveniles, when placed in appropriately sensitized animals. He also de­
scribed i^ vitro cell adherence reactions to lung-stage Ascaris juveniles 
of peripheral blood leukocytes or peritoneal exudate cells (PEC) obtained 
from immune rabbits. 
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Soulsby (1967) and Marseth and Soulsby (1969a) described in vitro 
adherence of pyroninophilic cells (peritonea] exudate cells or peripheral 
blood leukocytes obtained from immune rabbits and stimulated by specific 
antigen) to antibody-sensitized lung-stage Ascaris juveniles and suggest­
ed that CAR is antibody mediated and indicative of protective inmmity. 
Macrophage adherence to infective-stage ^  suum juveniles was observed by 
Crandall et al. (1967) after the juveniles had been placed in the perito­
neal cavities of mice previously infected with either Nippostrongylus or 
A. suum. Jeska (1969) reported adherence of peritoneal exudate cells to 
infective-stage ^  suum juveniles both in infected and noninfected mice 
in vivo and m vitro. Furtheimore, in m vitro studies it was observed 
that the rate of cell adherence to infective-stage ^  suum juveniles was 
higher with peritoneal exudate fluid from infected mice than noninfected 
mice (Jeska, unpublished). 
Similar specific and nonspecific adherence of cells have been re­
ported to: 
Wuchereria bancrofti - Higashi and Chowdhury (1970) ; 
Trichinella spiralis - Stankiewicz and Jeska (1973); 
Nippostrongylus brasiliensis - Greenberg and Wertheim (1973); and 
Neoaplectana glaseri (an insect parasite; CAR noted in normal rats) 
Jackson and Bradbury (1970). 
Role of CAR in resistance The effects of adhering cells on hel­
minths are not clear. Morseth and Soulsby (1969a and b) observed that no 
J ^ J ^ ^ ^ ^  ^ w ^ J* * ^ m» • ^  i ^ A ^ ^ f1 O C 
a result of adhering pyroninophilic cells, but found that neutrophils 
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(in presence of serum ccraplement) produced wrinkling and dissolution of 
juvenile cuticles. Jackson and Bradbury (19''0) observed swollen surface 
sheets and disruption of striation pattern of Neoaplectana glaseri cuti­
cle in the peritoneal cavity of normal rats due to adhering mononuclear 
and polymorphonuclear leukocytes. Greenberg and Wertheim (1973) de­
scribed localization and destruction of Nippostrongylus brasiliensis in 
masses of peritoneal exudate cell "granulomas" attached to the peritoneal 
surface. They further described "foreign body" and "immunogenic" granu­
lomatous responses to noninfective and infective juvenile stages, respec­
tively. 
Perez and Terry (1973) reported that adult Schistosoma mansoni 
(matured in mouse) were killed m vitro in the presence of peptone-acti­
vated noimal monkey PEC, monkey "anti-mouse" serum, and conplement. They 
observed peritoneal exudate cells adhering to the flukes and suggested 
that the lethal effect was initiated by "anti-mouse" antibodies attaching 
to, and reacting with, "mouse" antigens (acquired by the schistosomes 
during their development in mouse) in association with nonspecifically 
"activated" peritoneal exudate cells. 
Thus it appears that CAR may be involved in resistance and that it 
is a conplex process which may involve antibodies, antigens, and thermo-
labile and thermostable chemotactic conçlement dependent factors. 
Cell-mediated iiimune responses to helminths Whether CAR and 
cell-mediated iiraramity (Oil) are related phenanena has not been estab-
f'nAri n c •p-ronnon+'l iiCAr^ ac 9 TnAaC11T*A nf 
CM. In vivo ttl can be described in terms of cutaneous delayed 
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hypersensitivity reactions (induration o£ the skin due to mononuclear 
cell infiltrations in the dermal layers and perivascular cuffing of mono­
nuclear cells occurring 24 to 48 hours after an intradeimal injection of 
specific antigen in naturally or artificially sensitized animals) and has 
been considered to be an ûi vivo manifestation of Q.1I (Turk, 1971 and 
Nladdison, 1973). In general CNI is characterized by the following fea­
tures: (1) production and cellular transfer of delayed hypersensitivity 
reactions (Dannenberg, 1968; Mackaness, 1969; and Turk, 1971); (2) trans­
formation of sensitized lynphocytes into large pyroninophilic cells by 
specific antigen, both in in vivo and in vitro (Mackaness, 1962; 
Dannenberg, 1968; Dumonde et al., 1969; Turk, 1971; and McGregor et al., 
1971); (3) cytotoxic effects of sensitized lymphocytes on "target cells" 
possessing the specific antigen (Bloom, 1971 and Forman and Moller, 
1973); and (4) inhibition of normal peritoneal macrophages following 
interaction between sensitized lymphocytes and specific antigen (David 
et al., 1964; Bloom and Bennett, 1966; and Bennett and Bloom, 1968). 
Delayed hypersensitivity reactions to Trichinella spiralis, 
Trichostrongylus colubriformis, Ancylostana caninum, Fasciola hepatica, 
Hymenolepis nana (Larsh, 1967), and Schistosoma mansoni (Wolfson et al., 
1969 and 1972; Maddison et al., 1972; and Maddison et al., 1973) have been 
reported. 
Cell-mediated immunity has been successfully transferred to non­
immune recipients with cells from isologous donors immune against T. 
spirslis (Kim çt 1967 and Larsh 0t al;, 1972), A; caninum (Miller, 
1967), Trichostrongylus colubriformis (Wagland and Dineen, 1965 and 
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Dineen et al., 1968), and Nippostrongylus brasiliensis (Kelley and Dineen, 
1972). But attaints to transfer CME with immune cells were unsuccessful 
against A. suum (Crandall, 1965). Passive transfer of helminth immunity 
with cells from isologous immune donors to nonimmune recipients led to 
decreased helminth burdens and reduced egg production following challenge 
infection (Larsh et al., 1972; Dineen et al., 1968; and Ifelly and Dineen, 
1972). However, these studies do not explain the possible role played by 
antibodies or antibodies produced by the transferred cells, conplement, 
and enzymes. 
Some attençts have been made to elucidate the role of cellular com­
ponents in host resistance to A. suum infections. Casarosa (1969) and 
Casarosa and Nbcchioni (1969) reported increased numbers of infective-
stage Ascaris juveniles penetrated through the intestinal wall resulting 
in very high hepato-pulmonary migration of infective-stage ^  suum juven­
iles in the vaccinated guinea pigs subjected to total body or abdominal 
X-irradiation. From these studies it was concluded that destruction of 
cellular conponents was responsible for increased parasite migration. 
Bindseil (1970b) observed that fewer infective-stage Ascaris juveniles 
could penetrate the intestinal wall in ^  suum-infected mice and suggest­
ed the existence of gut immunity in ascariasis. He further observed that 
more numbers of ^  suum juveniles developed in thymectomized mice than in 
nonthymectomized controls and suggested existence of thymus-dependent 
cell-mediated immunity in the intestines in ascariasis (Bindseil, 1971). 
The role of cell-mediated immunity in iiranunity to ^  suum is not 
clear, due to the conflicting reports about the effects of passive 
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transfer of immunity by immune cells (Crandall, 1965). Dineen et al. 
(1973) suggested that expulsion of helminths occurs in two steps: (1) 
antibody action on the worms followed by (2) cellular action. 
In view of these reports, it may be that cell adherence reaction to 
helminths is a general biological phenanenon vMch is an early step in 
the effort of cells to destroy parasites. Subsequently, cytotoxic 
effects may complete the process. Cell adherence reaction involves 
humoral and cellular elements of the host. 
Therefore, the present studies were undertaken to investigate cell-
mediated immunity and cell adherence reaction in ascariasis in mice and 
swine and to determine the suitability of mice as an experimental model 
for Ascaris suum infections. 
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MATERIALS AND METHODS 
Source and Preparation of Infective Material 
Preparation of A. suum infective eggs 
Adult Ascaris suum were collected from the intestines of swine at a 
local abattoir. The distal third of uteri from mature female worms were 
removed and placed in distilled water and homogenized in a Waring Blendor 
for 1 minute. The hanogenate was placed in a 1000 ml Erlenmeyer flask, 
and eggs were allovred to settle at room toiperatures. The floating uter­
ine debris was separated by decanting and eggs were washed thrice with 
distilled water. Washed eggs were then decorticated in 2% aqueous solu­
tion of sodium hypochlorite (Clorox, 5.25% sodium hypochlorite, Clorox 
Company, Oakland, California) for 3 hours at room temperature, washed 
until all the Clorox was ronoved, resuspended in O.IN sulfuric acid and 
incubated in large petri dishes at 25°C for 30 to 35 days for embryona-
tion CMagat et al., 1972). 
Preparation of A. suum infective-stage juveniles (ASJ2) 
Shells of embryonated eggs were ranoved by suspending and floating 
in 6.6% sodium hypochlorite in a 1000 ml Erlenmeyer flask. The floating 
eggs were pipetted into water and washed thrice. Then a heavy suspension 
was placed in Sorvall Omnimixer microhomogenizer running at half speed 
for 5 minutes to break the vitelline membrane and release juveniles. Re­
leased juveniles were filtered through 6 ram thick cotton pads in 0.85% 
sodium chloride aqueous solution at 37*C using Baeimann technique. Sedi-
mented AsJg were washed three times in saline and stored at 4®C (Magat 
et al., 1972). 
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Preparation of juvenile extracts ASJ2 were suspended in O.IM 
tris-HCl buffer 8.1, without preservatives) and added dropwise to 
cold ethanol (-70°C) until two parts of alcohol to one part of juvenile 
suspension was obtained. Frozen droplets were conpletely shattered after 
20 minutes at full speed in the 50 ml Sorvall Qraiimixer chamber. The 
fragmented juveniles were centrifuged at 27,000 g at -20*C for 15 minutes. 
Sedimented juvenile fragments were then resuspended in tris-buffer and 
extracted for 48 hours at 4®C with constant stirring. Extracts were 
cleared of juvenile carcasses by high speed centrifugation at 4®C for 15 
minutes and supernatant was collected, sterilized by passing through 0.45 
millimicron millipore filter and stored in sterilized screw-capped tubes 
and frozen (Wagat et al., 1972). 
Mult extracts 
Fifty grams of mixed male and female Ascaris suum worms were washed 
in distilled water, frozen, cut into small pieces and hcmogenized and 
delipidized for 30 minutes in Sorvall Chmimixer in 150 ml of 1:1 cold 
(-70°C) ethanol and ethyl ether mixture. The homogenate was centrifuged 
and extracted as previously described (Jeska, 1967). 
Protein estimations 
The Lowry modification of Folin-Ciocalteau method was used to esti­
mate protein content of juvenile and adult extracts using Lab-Trol, a 
liquid containing known concentrations of protein (Dade Division, 
American Hospital Supply CornoratioTî; Mi ami ^ FloridE), as standard (î^bat 
and Mayer, 1961). 
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The reactions were read at 660 nm in Bausch and Lomb Spectrophotom­
eter. 
Eîçeriraental Animals 
For cell adherence reactions, ARS, HA(ICR) nan-inbred Swiss albino 
white mice weighing 15 to 20 gms. and aged 6 to 7 weeks were used. In 
order to avoid mixed lymphocytic reactions C57Bl/6Schf inbred strain of 
black mice were used for macrophage migration inhibition tests. Both 
strains of mice were obtained from ARS Sprague Dawley, Madison, Wisconsin. 
Pigs Keeping in view the difficulties in raising pigs free from 
Ascaris suum infections under natural conditions and with no evidence of 
prenatal infections of baby pigs, it was decided to farrow pregnant sows 
and to raise pigs under strict hygienic conditions. Pregnant sows were 
dewormed with piperazine dihydrochloride (Miller Chemical Company, Chiaha, 
Nebraska), thorouglily scrubbed, washed and farrowed in disinfected and 
fumigated isolation roans. Fecal sanples from pregnant sows were nega­
tive for ^  suum eggs at the time of farrowing. Baby pigs were allowed 
to suckle colostrum, weaned, housed, watered and fed under strict hygien­
ic conditions. (During the first 6 weeks of life these pigs were used 
for studies on infectious atrophic rhinitis and then provided for present 
studies by Dr. W. P. Switzer.) 
At 6 to 7 weeks of age, during Wiich most of colostral antibodies 
are steadily lost (Aalund, 1972), the pigs were divided into control and 
infected groups. At the start of the experiments fecal sanples from all 
the pigs were negative for Ascaris suum eggs, and their sera were col­
lected for the presence of anti-Ascaris antibodies. 
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Immunization of experimental animals against A. suum 
Mice From each batch of 60 mice, 30 mice were anesthetized with 
ether and 300, 500, 1000 and 2000 viable embryonated A. suum eggs were 
administered by stomach intubation at 10-day intervals. Following the 
last infecticHi, peritoneal exudate cells from infected mice were tested 
for CAR or macrophage migration inhibition test. If mice could not be 
used within 10 days after last infection, they were reinfected with 2500 
eggs and then utilized for e3q)erimental trials. 
Pigs CAR and macrophage migration inhibition tests were con­
ducted simultaneously on each pig, and for both tests the same batch of 
PEC were used. IVelve pigs from two litters (selected randomly) were 
administered orally (with the help of stomach tube) three doses of 10,000 
embryonated eggs at 10-day intervals. On the fifteenth day following the 
last infection their sera were collected for demonstration of antibodies, 
and pigs were challenged with 20,000 embryonated eggs and utilized for 
tests after 10 days rest. 
Experimental Procedures 
Agar-gel diffusion and indirect hemagglutination techniques were em­
ployed. Sera from both infected and noninfected groups were tested for 
presence of anti-Ascaris suum antibodies. 
Ouchterlony (1958) agar-gel diffusion test was performed using 2% 
agar in 0.05M aqueous tris-HCl buffer (pH 8, containing 0.25% sodium 
azide) on 2 x 3 inch glass slides. Precipitin bands were allowed to de­
velop for 3 days at room tençerature in moist chambers with frequent re­
charging of wells. Finally slides were washed with several changes of 
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tris-HCl buffer for 24 hours and then with distilled water for another 24 
hours and finally dried under filter paper. Dried slides were stained 
with aniline blue black (Jeska, 1967). Sera were analyzed against both 
adult and juvenile tris-buffer extracts. 
Antibodies were titrated by tannic acid indirect honagglutination 
test (Kabat and Mayer, 1961) using glutaraldehyde fixed sheep red blood 
cells and Ascaris suum pseudo-coelomic fluid antigen (provided by Dr. 
W. J. Hubbard). 
Cell adherence reactions 
Cell adherence reactions (CAR) with ASJ2 in presence of peritoneal 
exudate fluid (PEF) and peritoneal exudate cells (PEC) from Ascaris suum 
infected (I) and noninfected (Ni) mice and pigs were performed according 
to the method enployed by Jeska (1973). 
Reagents and materials 
(1) Minimum essential medium (MEM) was prepared as below: 
0.97 gm. MEM (Grand Island Biological Conpany, New York) 
100 ml deionized distilled water 
3.0 NaHOOj (7.5% aqueous solution) 
1.25 gm. sodium citrate 
The pH was adjusted to 7.2 by bubbling OO2 through the solution, and the 
medium was sterilized by passing it through millipore a filter 0.45 my 
(Millipore Corporation). 
(2) Fetal calf serum (PCS) was inactivated at 56°C for 30 minutes 
and sterilized by passing through 0.45 my millipore filter. 
(3) Fine Sephadex aqueous suspension (Pharmacia, 1 gm. per 5 ml 
distilled water). 
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(4) fikrcol light mineral oil (Marcol 52, Humble Oil and Refining 
Company, Houston, Texas). The mineral oil was dispensed in 100 ml rubber 
stoppered glass bottles and autoclaved. 
(5) Earle's balanced salt solution (calcium and magnesium free) 
(EBSS X 10, Grand Island Biological Conpany, Grand Island, New York). 
Working solution of EBSS was prepared as per instructions (10 ml of EBSS; 
90 ml of deionized distilled water; and 3.0 ml of NaHCO^, 7.5% aqueous 
solution). EBSS solution was si^planented with sodium heparin (Wolins 
Pharmacal Corporation, Melville, New York) 50 units per ml; penicillin 
100 units/ml (potassium penicillin G, Eli Lilly and Conpany) and 100 
ugm/ml of streptonycin (Eli Lilly and Company). Final pH was adjusted to 
7.2 and the solution was sterilized by passing through 0.45 my millipore 
filter. 
(6) Siliconized screw-capped glass tubes 13 x 100 nrn and 16 x 125 mm; 
Pasteur pipettes; polypropylene tubes capacity 5 ml and 10 ml with caps 
(Falcon Plastics). All glassware was sterilized. 
(7) 1 ml, 2.5 ml, 10 ml syringes (Plastipak, Becton Dickinson, 
Rutherford, New Jersey) and disposable needles of various thicknesses and 
lengths (Yale, Luer-Lok, Rutherford, New Jersey). 
Collection of peritoneal cells and peritoneal exudate fluid 
Mice Six mice (per trial) were injected intraperitoneally with 
1 ml of Ggg suspension to induce peritoneal exudate. Three days later 
mice were killed in a saturated OÛ2 chamber and injected with 2 to 3 ml 
MEM (ice cold), intraperitoneally. The abdomen was palpated 3 minutes, 
the skin was laid open, an incision made along the linea alba, and 
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peritoneal exudate (PE) collected with sterile Pasteur pipette in 5 ml 
siliconized polypropylene tubes. PEF from each mouse was collected in­
dividually in separate tubes, and stored in ice bath until use. 
Swine One pig was used at a time and PEC were collected and 
utilized for both CAR and macrophage migration inhibition tests within 3 
hours. PEC were collected in the usual way described for collection of 
PEC from guinea pigs (Bloan and Bennett, 1971) with the modifications 
indicated below: 
1. Pigs were injected intraperitoneally with 50 ml of Marcol 52 to 
induce peritoneal exudate (PE) formation. 
2. Three days later pigs were anesthetized with sodium pentabarbi-
tal injected into the anterior vena cava as per prescribed dose (Napental, 
The S. E. Massengill Conpany, Veterinary Division, Bristol, Tennessee). 
3. Three hundred to 350 ml of sterile EBSS (containing heparin, 
penicillin, and streptomycin) was injected into the peritoneal cavity 
after which the belly was gently massaged for 25 to 30 minutes with fre­
quent rolling on either side. 
4. Teat cannula (14 gauge, 2 1/2 inches long) was inserted into the 
peritoneal cavity (skin was first perforated with an 18 gauge pointed 
needle to facilitate insertion of teat cannula) through linea alba. 
5. Peritoneal exudate fluid was collected in siliconized 16 x 125 
mm screw capped sterile tubes, with frequent massaging of the belly wall. 
6. Oil from PE was removed by centrifugation at 250 x g for 8 to 10 
minutes at room temperature and pinet.t.ina off floating oil layer. 
7. PE with PEC was kept in ice bath and processed further depending 
upon the test to be performed. 
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8. Aseptic precautions were taken to avoid contamination as far as 
was possible. 
9. Pigs usually cooperated fairly well during the process and re­
covered from anesthesia without any side effects. 
Peritoneal exudate fluid cell count Cells were counted in a 
Neubauer hemocytometer (Spencer). One drop of PEF was mixed with nine 
drops of MEM and hemocytometer was charged with this mixture. Cells in 
five squares (four comer and one central) of central 1 mm x 1 ram square 
were counted and the total of five squares was multiplied by 50,000 to 
know the number of cells per ml of PEF. Viability of cells was judged by 
trypan blue (0.5%) exclusion and it was observed that usually 95% cells 
were viable. 
Experimental procedure for in vitro CAR 
Ascaris suum juveniles stage II (A5J2) Freshly hatched ASJ2 were 
washed three times with MEM and resuspended in it. Juveniles present in 
a marked volume of MEM suspension were counted. 
For various treatments, PEF (with PEC) was divided into four parts: 
1. No treatment. The PEF (with PEC) was not subjected to any 
treatment at all and was used as obtained from peritoneal cavity. ' 
2. Effect of centrifugation and washing of cells. PEC were sepa­
rated from PEF by centrifugation at 250 x g, washed thrice in MEM and re-
suspended in PEF. 
3. Effect of heat (56®C for 30 minutes). PF was separated by cen­
trifugation; heated at 5G°C fui 50 minutes; and returned to three times 
washed PEC. 
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4. Effect of PEF. Cells washed three times were resiispended in MEM 
and incubated with juveniles without any PEF. In each tube one AsJg per 
20,000 of cells was added. To simply the nutiients to the cells and the 
juveniles, 25% inactivated PCS was added to the system and the tubes were 
incubated for 3 hours at 37®C with frequent shaking. 
After 3 hours number of juveniles with adhering cells were counted. 
Some smears from each type of reaction were prepared on slides, 
dried, fixed with methyl alcohol for 30 minutes and stained with methyl-
green-pyronine to study the nature of adhering cells (Pearse, 1960). 
Macrophage migration inhibition test 
Assay for inhibition of peritoneal macrophages was done by direct 
method as described by David and David (1971). In direct method PEC from 
sensitized animals are assayed in capillary tubes against the appropriate 
antigen. 
Materials and equipment In addition to the glassware and chemi­
cals required for CAR, following extra materials were needed for macro­
phage inhibition (MI) test. 
1. Autoclaved "0" rings ("0" ring gasket silicone rubber, Bellco 
Biological) 
2. 3 inch long 22 gauge needles (B. D. Yale, Luer Lok) 
3. Capillary tubes sealed at one end (Kimax, 0.9 x 1.1 Dx 9 Onm) 
autoclaved in 13 x 100 screw capped tubes 
4. Silicone grease autoclaved in 2.5 ml syringe (Dow Coming Corp., 
Midland. Michigan) 
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5. Diamond tipped glass marking pencil (Fisher) 
6. Forceps, scissors in alcohol tray 
7. Minimum Essential hfediimi (MENQ. MEM was prepared as described 
earlier but without sodium citrate. Penicillin 100 units/ml and 
streptomycin 100 ygm/ml were added. Fhe medium was sterilized by 
passing through porcelain Selas filter number 02 and stored in 
sterile rubber stoppered bottles. Sodium heparin SO units/ml 
was added to MEM used for washing mouse peritoneal cavity. 
8. Antigen. Sterilized through millipore filter size 0.45 milli­
microns without any preservative added and of known protein con­
tent per ml. 
Experimental procedure Peritoneal exudate cells from mice and 
pigs were collected and counted as described earlier. For migration in­
hibition, PEC were collected from six CgyBL/6Schf mice and pooled to get 
required number of cells, but in swine the test was done with cells from 
individual pigs. 
PEC were washed thrice in heparin free ice cold MEM (centrifuged at 
250 X g for 5 minutes at room tençerature). Eight to 10 x 10^ cells were 
suspended in 1 ml of MEM containing 15% inactivated FCS. Capillary tubes 
were filled with cell suspension using 3 inch long, 22 gauge needle and 1 
ml syringe. Then capillary tubes containing cells were centrifuged for 1 
to 1 1/2 minutes at 250 x g in 13 x 100 screw capped tubes at room tem­
perature , and kept in ice bath. 
Preparation of chambers Cleaned 3x1 inch microscopic slides 
were flamed and cooled before use. Capillary tubes were cut at cell-
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medium interface and cell containing portion was placed in "0" ring 
chamber and secured with silicone grease on a slide. Finally the chamber 
was closed by placing another slide on the top of the ring and sealed by 
masking tape at both ends. 
Chambers were filled with MB! containing 15% inactivated FCS and 
various amounts of antigen CASJ2 tris-buffer extract without any pre­
servative) and incubated for 20 to 24 hours ir, humidified 5% CO^ atmos­
phere at 37 ®C. After incubations migration chambers were photographed by 
3M polaroid camera and surface areas of macrophage migration were meas­
ured frcm photographs with a planimeter. No efforts were made to remove 
gases evolved during incubation. 
For each concentration of antigen, three chambers were used and two 
controls were set in triplicate before and after the trials. Every batch 
of antigen and medium used was assayed and standardized using nonsensi-
tized PEC frcm noninfected animals for cytotoxic effects. 
Cutaneous delayed hypersensitivity tests In swine, skin over the 
chest region was shaved and 0.1 ml of adult ^  suum tris-buffered ex­
tracts (protein content 500 ygm) was injected intradermally and tris-
buffer (0.1 ml) was used as control. Thickness of the skin was recorded 
at 2, 24, 48, and 72 hour intervals. In mice, skin over the back was 
used for IH tests. 
At the end of 48 and/or 72 hours, pigs were necropsied and the skin 
pieces were collected for histopathological studies. Intestines were 
A v o v n i A  e i n i m  i . T m ' m n c  
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RESULTS 
Cell Adherence Reactions 
For the vitro CAR, 22 ^  suum-infected and 19 noninfected mice 
were injected intraperitoneally with G25, killed 3 days later and perito­
neal exudate cells were collected. Cell adherence was measured as percent 
of infective A. suum juveniles with adhering cells. Intensity of CAR was 
described as light, medium and heavy. Light CAR involved five cells to 
one layer of adhering cells to the juvenile surface (Fig. 1), medium in­
tensity of CAR involved one to two layers of adhering cells (Fig. 2) and 
heavy intensity involved multiple layers of adhering cells or adhering 
cell masses entrapping the juveniles (Fig. 3). 
Peritoneal exudate cell counts per mouse averaged 2.5 x 10^ in non-
infected and 4.0 X 10^ in infected mice. Ninety to 95% of the cells were 
viable. 
In vitro CAR to ASJ2 were observed in both infected (I) and nonin­
fected (Ni) groups of mice, viiether the peritoneal exudates were non-
treated, nonlieated, heated or with no PEF (Table 1). 
The mean percentage of CAR was highest in the reactions with non-
treated PEC and PEF and was slightly higher in infected mice than in non-
infected mice (5.4%; probability (P)<0.015; Table 1). Intensity of CAR 
was mostly heavy in infected mice and mostly medium in noninfected mice. 
IVhen PEC were separated from PEF, washed and returned to the homologous 
nonheated PEF, the mean percent of CAR was lower in the reactions of both 
infected and noninfected mice as conpared to the reactions of each groiQ) 
of mice in nontreated PEF and PEC (I, P<0.005; Ni, P<0.015). However, the 
Fig. 1. Ascaris si^ infective juvenile with light intensity of CAR, 
observed ui vitro after incubation for 3 hours at 37®C. 
These reactions were usually obtained when heated PEF and 
washed PEC, or when PEC from mice were reacted with As J, 
without PEF. (Fresh preparation x 825) 
Fig. 2. Ascaris suum infective juvenile with medium intensity of 
CAR, observed in vitro after incubation for 3 hours at 37®C. 
These reactions were usually obtained when nonheated PEF and 
washed PEC, or when nontreated PEF and PEC from noninfected 
mice were reacted with ASJ2. (Fresh preparation x 1320) 
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Fig. 3. Ascaris suum infective juvenile with heavy intensity of CAR, 
observed m vitro after incubation for 3 hours at 37°C. 
These reactions were usually obtained when nontreated PEF 
and PEC, or when nonheated PEF and washed PEC from ^  suum-
infected mice were reacted with AsJ-. (Fresh preparation 
X 825) ^ 
Fig. 4. Ascaris suum infective juvenile with adhering mononuclear 
cells. ^ vitro reactions were incubated for 3 hours at 
37°C and contained nontreated PEF and PEC from ^  sim- in­
fected or noninfected mice. (Fresh preparation x 2080} 
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Table 1. Mean percent of in vitro CAR. Peritoneal exudate cells obtained from Ascaris suum-
infected and noninfected mice.^ 
Washed PEC + 
Group of No. of mice No. treatment Washed PEC + heated PEF Washed PEC 
mice per groiç PEC and PEF nonheated PEF at 56®C for 30 m in. in MEM 
Infected , 
mic<î 22 74.49(2.70)° 64.39(2.47) 37.18(2.88) 25.89(2.41) 
Nonini:ected 
mice 19 69.08(3.37) 52.76(5.49) 29.58(2.43) 14.52(1.43) 
"Refer to Table A1 and A2 for cmplete data on individual ^  suum-infected and noninfected 
mice. 
'standard error in parentheses. 
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mean percent of CAR was significantly higher in infected mice than it was 
in noninfected mice in reactions with washed PEC and nonheated PEF (P< 
0.025). The intensities of CAR were usually heavy in infected mice and 
medium in noninfected mice when washed PEC and nonheated PEF were reacted 
with AsJ^. 
Heat treatment of mouse PEF significantly reduced the mean percent 
of CAR of both infected and noninfected groups of mice when conpared with 
reactions in nontreated PEF and PEC (P<0.001 in both infected and nonin­
fected mice). The mean percent difference in CAR with the heated PEF be­
tween the infected mice and the noninfected mice was 7.60% (P<0.025). In 
all of the reactions with heated PEF, the intensity of CAR was reduced to 
mostly light adherence. 
In the absence of peritoneal fluid, CAR of both the infected mice 
and noninfected mice were further decreased as conpared to reactions in 
nontreated PEF and PEC (P<0.001 in both I and Ni mice). The mean differ­
ence in CAR percent between the infected mice and the noninfected mice 
was 11.37% (P<0.005). Intensity of CAR in absence of PEF was found to be 
very light in both infected and noninfected groups of mice. 
In swine the jji vitro CAR were studied using peritoneal exudate from 
12 ^  suum-infected and six noninfected animals, aged 6 to 7 weeks, far­
rowed and raised under hygienic conditions. 
Usually, 100 to 125 ml of peritoneal exudate could be collected from 
each animal. The PEF contained approximately one million cells per ml. 
Ninety to 95% of the cells were viable. Peritoneal exudate ceil counts 
were adjusted to 2.5 x 10^ cells per ml for use in experiments. The 
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intensities of CAR were described as light (Fig. 5), medium (Fig. 6 and 
7) and heavy (Fig. 8, 9 and 10). 
As was the case with mice, the percent of CAR was higher in the re­
actions of peritoneal exudates obtained from infected swine than it was in 
the reactions of exudate from noninfected swine (Table 2). However, the 
mean percentage of CAR was not significantly different when the nontreated 
exudates of infected and noninfected swine were used (4.18%; P<0.5). The 
intensity of CAR was usually heavy in infected swine and usually medium to 
heavy in noninfected swine. 
When PEC of swine were separated from PEF, washed and returned to the 
honologous nontreated PEF, there was practically no significant reduction 
in the percentage of CAR, nor in the intensity of adhering cells in both 
the groups of animals when caipared to the reactions of nontreated PEF and 
PEC (Table 2). This was unlike the reactions of exudates from mice. The 
mean percent difference between the CAR of infected swine and noninfected 
swine was significant 8.361 (P<0.01) in reactions with washed PEC and PEF. 
Heat treatment of swine PEF significantly reduced the mean percent of 
CAR in both infected and noninfected groups of swine when conpared to the 
reactions in nontreated PEF and PEC (I, P<0.01; Ni, P<0.001). The mean 
percent difference between the infected swine and the noninfected swine 
after heat treatment was 34.76% (P<0.001). The intensity of CAR in all 
cases was reduced to mostly light adherence. 
In the absence of peritoneal fluid, CAR were further decreased in 
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tions in nontreated PEF and PEC (P<0.001 in both infected and noninfected 
Fig. 5. Ascaris suum infective juvenile with light cell intensity of 
CAR, observed ^  vitro after incubation for 3 hours at 37®C. 
These reactions were usually obtained vàien heated PEF and 
washed PEC, or when PEC from swine were reacted with AsJ-
without PEF. Ofethyl-green-pyronin x 415) 
Fig. 6. Ascaris suum infective juvenile with medium intensity of CAR, 
observed in vitro after incubation for 3 hours at 37*C. 
These reactions were usually obtained when nonheated PEF and 
washed PEC from naninfected swine were reacted with AsJg. 
(Fresh preparation x 825) 

Fig. 7. Ascaris suum infective juvenile with medium intensity of CAR, 
observed in vitro after incubation for 3 hours at 37®C. 
These reactions were usually obtained when nonheated PEF and 
washed cells from A. suum-infected or noninfected swine were 
reacted with AsJ^. (Fresh preparation x 1320) 
Fig. 8. ^caris suum infective juvenile with heavy (light heavy) 
intensity of CAR, observed in vitro after incubation for 3 
hours at 37*C. These reactions were usually obtained when 
nontreated PEF and PEC fran ^  smgn-infected and noninfected 
swine were reacted with AsJg. (Fresh prqiaration x 1320) 

Fig. 9. Ascaris suum infective juvenile with heavy intensity of CAR, 
observed in vitro after incubation for 3 hours at 37®C. 
These reactions were usually obtained when nontreated PEF 
and PEC from ^  suum-infected swine were reacted with AsJg. 
(Fresh preparation x 1320) 
Fig. 10. Ascaris suum infective juvenile entrapped in adhering cell 
mass, observed in vitro after incubation for 3 hours at 37°C. 
These reactions were usually obtained whati nontreated PEF 
and PEC from ^  suum-infected swine were reacted with AsJg. 
(Fresh preparation x 1320) 

Table 2. Mean percent of in vitro CAR. Peritoneal exudate cells obtained fran Ascaris suum-
infected and noninfected swine.^ 
Washed PEC + 
Groiq> of No. of swine No. treatment Washed PEC + heated PEF Washed PEC 
swine per group PEC and PEF nonheated PEF at 56®C for 30 min. in MEM 
Infected . 
swine 12 86.45(3.26)° 87.56(3.11) 77.11(5.87) 35.78(4.07) 
Nraiinfected 
swine 6 82.27(5.84) 79.20(1.28) 42.35(4.62) 20.27(1.55) 
Refer to Table A3 and A4 for cœ^lete data on individual ^  suum-infected and noninfected 
swine. 
^Standard error in parentheses. 
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swine). The mean percent difference between infected and nonin-
fected swine was 15.51% (P<0.005). The intensity of CAR in the absence 
of PEF was found to be very light in both infected and noninfected groups 
of swine. 
Nature of adhering cells to AsJ2 in mice and swine 
In the m vitro reactions with no treatment of peritoneal exudates or 
with washed PEC with nonheated PEF of both infected and noninfected mice 
and swine, the cells adhering to the juvenile surfaces were usually large 
mononuclear cells characterized by large round or lobate nuclei with con­
siderable amounts of vacuolated cytoplasm (Fig. 4, mice; Fig. 11 and 12, 
swine). The cytoplasm of the adhering cells was flattened against the 
cuticles of juveniles and was predaninantly pyroninophilic. However, 
there appeared to be a greater number of pyroninophils adhering to ASJ2 
in the reactions of cells from the infected animals than in the reactions 
of cells from the noninfected animals. Lynçhocytes and neutrophils were 
also observed either in close proximity to the juveniles or superimposed 
on the adhering mononuclear cells. 
In the in vitro reactions with washed PEC in the presence of heated 
PEF or without PEF, the adhering cells were also found to be mostly 
pyroninophilic mononuclear cells. 
The cells were observed to adhere over the entire surface of AsJ^, 
and it did not appear that any particular sites (for exançle, oral, anal 
and excretory pores) were prefered by the adhering cells. 
Fig. 11. Asc^is suum infective juvenile with adhering mononuclear 
cells. ^ vitro reactions were incubated for 3 hours at 
37°C and contained nontreated PEF and PEF from ^  suum-
infacted swine. (Fresh preparation x 2080) 
Fig. 12. Ascaris suum infective juvenile with adhering mononuclear 
cells,observed in vitro reactions after incubation for 3 
hours at 37 °C. TEese reactions contained nontreated PEF 
and PEC from ^  suum-infected swine and AsJg. The cyto­
plasm of most of the adhering cells was pyroninophilie. 
(Methyl-green-pyronin x 1040) 
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Delayed Hypersensitivity Responses 
Delayed hypersensitivity responses to Ascaris suum infections were 
studied in mice and swine by direct capillary migration inhibition of PEC 
and delayed cutaneous hypersensitivity responses. 
Capillary tubes were filled with PÉC and migration was allowed to 
proceed with various concentrations of AsJ^ extracts in migration cham­
bers for 20 to 24 hours. After incubation, the surface migration areas 
were measured from photographs with a planimeter. Migration index was 
determined from the following equation: 
Migration index = average area of migration with antigai 
^ average area of migration without antigen 
A value of 1.0 indicated no effect of antigen, whereas values greater or 
less than one indicated stimulation or inhibition, respectively. Percent 
migration inhibition was calculated by the following formula: 
Percent migration inhibition = 
100 Y 1 - ^ average area of migration with antigen -v 
^average area of migration without antigen 
Migration inhibition values of 20% or more were indicative of migration 
inhibition due to antigen, and values below 20% were regarded as incon­
clusive. 
Cytotoxicity assay of A5J2 extracts on normal PEC 
For determining the cytotoxic levels of A5J2 extracts, PEC from four 
noninfected swine and five batches of pooled PEC from noninfected mice 
(three batches from noninbred mice and two batches from inbred mice; six 
mice/batch) were tested with increasing protein concentrations of ASJ2 
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extract. Mounts of antigenic proteins which produced 20% or more migra­
tion inhibition were regarded as cytotoxic. 
It was observed that ASJ2 extract protein was cytotoxic to the PEC 
from the non inbred strain of mice at the protein concentration of 200 
ygm/ml and to the PEC from inbred strain of mice at the concentration of 
240 ygm/ml (Table 3). In some cases various concentration of AsJ^ ex­
tracts produced enhancing effects on the PEC from noninfected mice 
(groiqps 3 and 4). 
A concentration of only 60 ygm/ml of AsJg extract protein was found 
to be cytotoxic for PEC from noninfected swine (Table 4). Protein con­
centrations of ASJ2 extract below the cytotoxic level had stimulatory 
effects on the noninfected swine PEC. 
Migration inhibition of PEC obtained from A. suum-infected mice and swine 
Peritoneal exudate cells fran ^  suum-infected mice (eight groiçs of 
pooled cells; six mice/group) and 10 swine were used for the migration 
inhibition tests. 
It was observed during the migration inhibition tests that the swine 
PEC migrated more and the effects of ASJ2 extracts on swine PEC were more 
pronounced as compared to the mice PEC. Migration patterns of PEC had 
fairly even distribution of cells fran mice (Fig. 13 and 14) and from 
swine (Fig. 15 and 16). In only a few instances, a more dense inner zone 
was observed to be surrounded by a lighter "halo" area in chambers with 
and without AsJ^ extract. 
In view of the fact that both mononuclear cells and neutrophils 
present in PEC have been observed in the outer "lialo" in both uninhibited 
Fig. 13. Migration of PEC frcHii ^  suum-infected mice with no antigen. 
Migration chambers were incubated for 20 to 24 hours. 
Fig. 14. Migration inhibition of PEC cells from A. suum-infected 
mice in the presence of 180 ugm/ml of A5J2 extract protein. 
Migration chambers were incubated for 20 to 24 hours. 
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Fig. 15. Migration of PEC frcaii A. suum-infected swine #291 with no 
antigen. Migration chambers were incubated for 20 to 24 
hours. 
Fig. 16. Migration inhibition of PEC cells from A. suum-infected 
swine #291 in the presence of 20 ygm/ml of AsJ2 extract 
protein. Migration chambers were incubated for 20 to 24 
hours. 
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Table 3. Effects of ASJ2 extract cytotoxicity içon migration. Perito­
neal exudate cells obtained from noninfected mice. 
Groiq) no. 
(pooled PEC 
frran 6 mice) 
Mount of 
antigen 
(ugm/ml) 
Mean migra­
tion area 
Migration 
index 
Percent migra­
tion inhibition 
1 Nil 4.56(0.20)% 
100 4.10(0.26) 0.89 11 
150 3.83(0.31) 0.83 17 
200 2.03(0.14) 0.45 55 
2 Nil 4.55(0.94) 
100 4.35(0.64) 0.95 5 
200 1.20(0.19) 0.26 74 
300 3.10(0.14) 0.68 32 
3 Nil 2.95(0.14) 
100 3.55(0.54) 1.18 -18 
200 6.80(0.09) 2.30 -130 
300 2.25(0.24) 0.76 24 
4" Nil 3.80(0.36) 
60 4.60(0.36) 1.21 -21 
5" Nil 3.76(0.76) 
240 2.00(0.29) 0.53 46 
^Standard error in parentheses. 
^Inbred C57Bl/6Schf strain of mice. 
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Table 4. Effects of AsJ^ extract for cytotoxicity upon migration. Peri­
toneal exudate cells obtained fron noninfected swine. 
Swine no. 
Amount of 
antigen 
(pgra/ml) 
^^an migra­
tion area 
Migration 
index 
Percent migra­
tion 
477 Nil • 23.93(0.67)% 
40 25.70(1.15) 1.07 -7 
480 Nil 10.06(0.78) 
20 11.20(1.39) 1.11 -11 
40 12.26(0.33) 1.20 -20 
486 Nil 11.60(0.29) 
60 6.66(0.49) 0.57 43 
489 Nil 11.43(0.93) 
10 14.00(0.72) 1.22 -22 
20 13.70(0.98) 1.98 -98 
30 12.43(0.57) 1.08 "8 
^Standard error in parentheses. 
and inhibited migrations (Senyk and Hadley, 1973), it was decided to meas­
ure complete migration areas including "halo". The mean migration areas 
with antigen and without antigen were canpared by student t test. 
Seven out of the eight groups of pooled PEC from infected mice were 
inhibited in their migration in presence of AsJ^ extracts. It was found 
that the same concentrations of ASJ2 extracts induced different amounts of 
migration inhibitions in different pools of mice PEC (Table 5). 
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Table 5. Percent migration inhibition of peritoneal exudate cells fran 
A. suum-infected mice incubated with extracts of ^  suum-in-
Tëctive-stage juveniles.^ 
Grotç no. Amount of 
(pooled PEC antigen Percent migration 
fran 6 mice) (ygm/ml) inhibition 
1 100 23 
2 100 6S 
3" ISO 20 
4" 180 48 
5b 180 -4 
6" 180 26 
7" 180 24 
s'' 180 47 
^Refer to Table AS for conplete data. 
^Inbred C57Bl/6Schf strain of mice. 
The PEC from seven out of the ten swine were also inhibited in their 
migration in presence of ASJ2 extracts (Table 6). Cells from swine #248 
were not inhibited in their migration and cells frcm animals #289 and 488 
were inconclusive for migration inhibition. As in the mice, it was also 
found that the same concentration of ASJ2 extract produced different 
amounts of migration inhibition of swine PEC (Table 6). 
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Table 6. Percent migration inhibition of peritoneal exudate cells from 
A. suum-infected swine incubated with extracts of A. suum-in-
îëctive stage juveniles.^ 
Swine no. 
Mount of antigen 
(wgm/ml) 
Percent migration 
inhibition 
247 30 41 
40 49 
248 40 -48 
286 40 31 
287 40 43 
288 30 28 
289 40 5 
290 40 30 
291 20 39 
470 40 52 
488 40 15 
^fer to Table A6 for complete data. 
Delayed Cutaneous Hypersensitivity Reactions 
Attençts were made to correlate in vitro capillary migration inhibi­
tion of PEC in presence of ASJ2 extracts and delayed cutaneous hypersensi­
tivity responses. 
For delayed cutaneous hypersensitivity (DCH), 13 ^  suum-infected and 
six noninfected swine were injected intradermally with 0.1 ml of adult A. 
suum tris-buffered extracts in one site and 0.1 ml of tris-buffer as 
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controls at a second site. Skin swellings were measured at the largest 
diameter at 2, 24, 48 and 72 hours. 
Within a few minutes after intradermal injection of A. suum extracts, 
infected swine became restless, with a staggering gait, labored breathing, 
salivation, vomiting and diarrhea. Swine 481 died due to acute anaphylac­
tic shock in 30 minutes, while the others recovered. 
Two hours after injection the skin swellings were erythematous and 
edematous (Table 7). During 24 to 48 hours the skin swellings became 
erythematous and indurated and had developed necrosis at the site of in­
jection (Fig. 17). The skin swellings increased in size during this 
period. At 72 hours the skin swellings were found to be receding (Table 
7). 
In the noninfected swine, intradermal injection of ^  suum extracts 
also induced erythematous and edematous swellings, which receded and were 
not recognizable after 24 hours (Table 7). 
In both infected and noninfected swine, injection of 0.1 ml of tris-
buffer induced small skin swellings, 10 ram to 20 mm in diameter, during 
the first 2 hours. These swellings became undetectable by 24 hours. 
Histopathological examination of skin lesions in swine 
In ^  suum-infected swine lesions progressed gradually. At 48 to 72 
hours these lesions were necrotic and hemorrhagic at the site of injec­
tion, with neutrophil infiltration predominating. The dermis surrounding 
the necrotic area was infiltrated by lymphocytes, mononuclear cells, 
eosinophils and a few neutrophils. Dermal blood vessels were congested 
and had damaged endothelium and perivascular infiltrations by mononuclear 
cells and a few eosinophils (Fig. 18 and 19). 
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Table 7. Diameters of intradermal skin lesions of infected and noninfect-
ed swine injected with 500 pgm protein of adult A. suum ex­
tracts. 
Largest diameter of skin lesion in im 
Pig no. 2 hours 24 hours 48 hours 72 hours 
247 35 45 45^ -
248 40 48 43 42 
286 50 48 45^ -
287 35 55 60 42 
288 45 60 47 40 
289 40 48 50 40 
290 40 52 52^ -
291 42 50 50^ -
470 45 50 50 30 
479 38 40 40 30 
481 Died due to anaphylactic shock in half an hour 
483 52 50 50 30 
488 38 42 40 35 
477b 25 18 Undetectable 
478^ 20 16 Undetectable ^0
'
 
00 
25 20 Undetectable 
<36° 22 16 Undetectable 
00
 
22 15 Undetectable pO 00 
32 20 Undetectable 
^Killed after 48 hours. 
Fig. 17. Delayed cutaneous hypersensitivity response with central 
necrosis and induration of skin in an A. suum-infected, 
swine, 48 hours after intradermal injection of 500 ygm of 
A. suum extract protein. 

Fig. 18. Delayed cutaneous hypersensitivity reactions in A. suum-
infected swine, with necrosis at the site of injection and 
cellular infiltrations in the surrounding deimal tissues, 
observed 48 hours after intradermal injection of 500 ygm 
of A. suum ex-ract protein. (Hematoxylin and eosin x 33) 
Fig. 19. Delayed cutaneous hypersensitivity reactions in A. suum-
infected swine characterized by perivascular cufîuig of 
dermal blood vessels by predcminantly mononuclear cells, 
observed 48 hours after intradermal injection of 500 ygm 
of A. suum extract protein. (Hematoxylin and eosin x 330) 
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Postmortem examination of infected swine Infected swine had ex­
tensive fibrosis on the liver surface (Fig. 20). Mult A. suum were re­
covered from the intestines of all infected swine except one (Table 8). 
There were no significant lesions in other organs. Swine 481, which died 
due to anaphylactic shock in 30 minutes, had pulmonary enphysona, hemor­
rhages in the intestinal mucosa and hyperemic mesenteric lynçh nodes and 
kidneys. 
Table 8. Number of adult Ascaris suum recovered from the intestines of 
infected swine.^ 
no. Number of Ascaris recovered 
247 23 
248 37 
286 12 
287 49 
288 29 
290 35 
291 19 
470 8 
479 Nil 
483 4 
488 18 
481 14 
^^oninfected swine were negative for adult worms. 
Fig. 20. Liver £ran A. suum-infected swine with grayish white fibrous 
areas cause3~by migrating Ascaris juveniles. 
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Delayed cutaneous hypersens it ivity in mice 
Delayed cutaneous hypersensitivity tests were conducted in 18 infect­
ed and 18 noninfected mice. Intradermal injections of 0.1 ml of adult A. 
suum tris-buffered extracts were given intradermally in the skin over the 
back. All were negative for delayed cutaneous hypersensitivity reactions 
to ^  suum extracts. 
Antibody responses in A. suum-infected swine 
Sera frcan 12 ^  suum-infected and six noninfected swine were analyzed 
for antibodies using the Ouchterlony gel-diffusion technique and indirect 
hemagglutination test. 
Ouchterlony analysis of unconcentrated infected sera diffused against 
unconcentrated AsJ^ tris-buffered extracts did not reveal the presence of 
precipitating antibodies. 
When infected sera were titrated for antibodies by indirect hemagglu­
tination using tanned sheep red blood cells adsorbed with pseudocoelanic 
fluid antigens, very high titers of agglutinating antibodies, ranging from 
1:512 to 1:131,072, were recorded (Table 9). 
Sera from noninfected swine were negative for the presence of anti­
bodies by these methods. 
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Table 9. Indirect hemagglutination titers of A. suum-infected swine sera 
with ^  suum adult pseudocoelomic fluid antigen. 
Reciprocal of serum titer 
Swine no. starting from 1:1 
248 131,072 
286 131,072 
287 512 
288 16,348 
289 2,048 
290 2,048 
291 2,048 
470 32,768 
479 8,192 
481 16,384 
483 1,024 
488 8,192 
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DISCUSSION 
Present studies were undertaken to investigate in vitro CAR to ASJ2 
and delayed hypersensitivity responses to Ascaris suum infections in mice 
and swine and to determine the suitability of mice as an experimental 
model for studying host responses to ascariasis. 
Although m vitro CAR were observed in both ^  suum-infected and non-
infected mice and swine, the mean percent of juveniles with adhering cells 
were greater in swine. In addition, the intensities of the CAR were also 
found to be greater in swine. To the best of author's information CAR to 
ASJ2 in swine have not been reported in the literature. 
The greater CAR to ASJ2 in swine (the "natural" host of ^  suum) as 
compared to mice (the "unnatural" host) is difficult to explain, particu­
larly in view of the parasitic adaptations to escape the immunological re­
sponses of the "natural" hosts. It has been suggested that during the 
process of adaptation to "natural" hosts, parasites acquire antigens 
similar to the host ("fitness antigens", Dineen, 1963; "eclipse antigens", 
Damian, 1964; common antigens "communautés antigeniques", Capron et al., 
1968). These acquired antigens reduce the antigenic disparity between the 
host and the parasite and thus protect the helminths against the defense 
mechanisms of the "natural" host. The mechanisms responsible for host-
specificity in lielminthic infections are not well understood. Sprent 
(1969) has also suggested that the tolerance of the host to the parasitic 
antigens could be due to the depletion of clones of cells with specific 
receptors for helminth antigens. 
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Iimnune responses of swine to ^  suum are well documented. Repeated, 
oral infections of swine with ^  suum-eggs have been reported, to induce 
acquired resistance to reinfection (Kelley and Nayak, 1964; Taffs, 1968), 
production of antibodies (Taffs, 1961b, 1963; Kelley and Nayak, 1965a), 
granulona formation (Taffs, 1968; Copanan, 1971) and reduced worm burdens 
(Kelley and Nayak, 1964; Taffs, 1968). In addition, no antigens similar 
to swine antigens were found in ASJ2 (Williams and Soulsby, 1970) and 
helminth juveniles have also been reported to lack host-specificity 
(Levine, 1968; Sprent, 1969). 
It thus appears that either juveniles are more vulnerable to the 
host's immunological mechanisms or various mechanisms are involved in 
host-specificity of helminths, including coimon antigens and imiune re­
sponses. 
Data of ill vitro CAR studies indicate that the mean percent of CAR 
and intensities of CAR were highest in the reactions with nontreated PEC 
and PEF, and in the reactions with washed PEC with nonheated PEF in both 
infected and noninfected mice and swine. However, when PEC were separated 
from PEF, washed and returned to the homologous nonheated PEF, the mean 
percent of CAR was reduced in both infected and noninfected mice. Under 
similar conditions no significant differences in CAR were observed in 
swine. Possibly, the mechanical handling of cells and longer time (six 
mice at a time) in setting the reactions might have resulted in a partial 
reduction of cell activity. 
tfeat treatment of PEF significantly reduced CAR and intensities of 
adhering cells in both infected and noninfected mice and swine as compared 
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to the CAR in presence of nonheated PEF. Others have also reported CAR in 
the presence of heat-inactivated serum (Newscme, 1962, to S. mansoni; 
Higashi and Chowdhury, 1970, to W. bancrofti ndcrofiliariae; Perez and 
Terry, 1973, to ^  mansoni; in the presence of heat-inactivated PEF to 
AsJg, Jeska, unpublished; Stankiewicz and Jesla, 1973, to Trichinella 
spiralis juveniles). 
The CAR to helminths have been reported to be independent of conple-
ment (Newsome, 1962; Soulsby, 1963; Higashi and Chowdhury, 1970) because 
CAR reactions were observed in the presence of heat-inactivated sera. 
However, in view of the recently described complement-dependent thermo­
stable chemotactic factors (C5a Hausman et al., 1972; C567 Kolb and 
Muller-Eberhard, 1973), the role of complément as a mediator of CAR cannot 
be excluded. It has been also reported that these conplonent-dependent 
chonotactic factors can be activated by antigen-antibody ccnçlexes 
(classical pathway, Muller-Eberhard et al., 1966) and trypsin, plasmin, or 
properdin (alternate pathway. Root et al., 1972; Johnson et al., 1972; 
Poskitt et al., 1973). The lower percent of CAR in the reactions con­
taining heated PEF from noninfected animals observed in the present 
studies might be due to the lower efficiency of thermostable chanotactic 
factors activated through the alternate pathway (Root et al., 1972). 
Cell adherence reactions to AsJg were also observed in reactions con­
taining no PEF in both infected and noninfected animals. But the mean 
perçait of CAR was further reduced in all the cases. The intensities of 
CAR were also found to be very light in the absence of PEF. Adherence of 
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PEC to ASJ2 in the absence of PEF might be due to cytophilic antibodies on 
the cell surfaces (Vaughan, 1965; Nelson and. Boyden, 1967; Cone et al., 
1974). However the nature of the present studies does not allow one to 
make such a statement. 
Soulsby (1967) and Morseth and. Soulsby (1969a) reported that the ad­
hering cells to the lung-stage ^  suum juveniles were antibody-producing 
blast cells with pyroninophilic cytoplasm. Adherence of pyroninophilic 
cells to A5J2 in ^  suum-infected mice has also been reported by Jeska 
(1969). In the present studies mononuclear pyroninophilic cells along 
with nonpyroninophilic cells were observed adhering to the AsJg when re­
acted with PEC in the presence of nonheated PEF or heated PEF and in the 
absence of PEF obtained from infected mice and swine. Pyroninophilic 
cells were also observed adhering to the AsJg, when reacted with PEC in 
the presence of nonheated or heated PEF and in the absence of PEF obtained 
from noninfected mice and swine. But the number of pyroninophils adhering 
to the AsJg was less in reactions of cells from noninfected animals. 
For i£ vitro CAR, peritoneal exudates were induced 3 days prior to 
collection by intraperitoneal injection of Sephadex Ggg in mice and light 
mineral oil in swine. Although no attempts were made to study tJie effects 
of Ggg and light mineral oil on the PEC, it is expected that these sub­
stances would have irritated the peritoneal cavity and activated the PEC. 
Pearsall and Weiser (1970) reported that lipids, endotoxins, a monocyto-
genic hormone, silicon dioxide, thorium dioxide and substances released 
from dying polymorphonuclear leukocytes activate and influence macrophage 
proliferation and differentiation. Proteose-peptone (Perez and Terry, 
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1973), glycogen (Whaley and Singh, 1973) and Sephadex 62^ (Jeska, unpub­
lished) have also been observed to have stimulatory effects on the perito­
neal exudate cells. It has been reported that specific antigens 
(Mackaness, 1962; Dannenberg, 1968) and many types of nonspecific irri­
tants (Dannenberg, 1968; Nelstrop et al., 1968; Pearsall and Weiser, 1970) 
can activate macrophages, and the activated macrophages acquire extensive 
phagocytic properties and synthesize many lysosomal enzymes. 
Although there are many reports describing specific and nonspecific 
CAR to helminths, very little information is available on the mechanisms 
of CAR. Usually the CAR are reported to be antibody-mediated host re­
sponses . 
The nature of the factors mediating CAR to AsJ^, which involves 
chemotaxis and adherence of cells, are not well established. Crandall 
(1965) reported that Ascaris extracts were chemotactic for leukocytes in 
the presence of normal rabbit sera and suggested that the chemotactic 
properties of ^  suum extracts could be due to natural antibodies in the 
normal rabbit sera against Forssman antigens present in the Ascaris ex­
tracts, or due to the cross-reacting antibodies present in the rabbit sera 
as a result of prior parasitic infections. Hogarth-Scott (1968) demon­
strated cross-reacting antibodies to the cuticles of Ascaris suum, 
Toxocara canis, Toxascaris leonina, Nippostrongylus brasiliensis and 
Tubatrix aceti were present in normal human sera and suggested that common 
antigenic determinants were present on the nematode cuticles similar to 
taosc widely round in nature (e.g., bleed group A-like substances on 
Ascaris cuticle). 
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During the present studies delayed hypersensitivity responses to 
ascariasis were demonstrated by delayed cutaneous hypersensitivity (DCH) 
reactions following intradermal injection of suum extracts in infected 
animals and capillary migration inhibition of sensitized PEC in the pres­
ence of A5J2 extracts. 
In view of CAR of mouse and swine PEC to AsJ^, direct capillary mi­
gration inhibition tests (David and David, 1971) using PEC of these ani­
mals were chosen in order to correlate the possible role of cell-mediated 
immunity in CAR. 
In swine, CAR and migration inhibition (M) tests were conducted with 
PEC obtained from individual swine, and PEC from the same batch were used 
in both tests. However, in mice, it was necessary to conduct MI tests on 
pooled PEC from several individuals because of the low number of PEC. In 
the initial ME tests, PEC from noninbred strains of mice were used, but 
due to the great variations in the migration areas in both uninhibited and 
inhibited migrations, it was decided that pooled PEC from inbred Cg^Bl/ 
6Schf mice should be utilized. The greater variability in responses of 
noninbred pooled PEC might be due to mixed lymphocyte reactions and 
histocompatibilities (Phillips et al., 1972; Stobo et al., 1973; Forman 
and Moller, 1973). 
In addition, amounts of ASJ2 extracts tolerated by the PEC from the 
inbred strains appears to be higher (240 ygra/ml of AsJg extract protein) 
than the PEC from noninbred strain (200 ygm/ml of AsJg extract protein). 
Lower tolerance levels of antigenic protein by PEC from noninbred mice 
could be due to the additive effects of migration inhibitory factor pro­
duced in mixed lynçhocyte cultures (Phillips et al., 1972). 
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Mouse macrophage inhibition was not as pronounced as that observed 
with swine cells. Mouse cells tended to migrate less rapidly during the 
incubation period of 20 to 24 hours. However, the inhibitory effects of 
antigen were clearly demonstrable. These findings are in agreement with 
the findings of Phillips et al. (1972). 
In the migration patterns of PEC from mice and swine, cells were 
usually evenly distributed in both uninhibited and inhibited migrations. 
But in a few instances the more dense inner zone was surrounded by a 
lighter "halo" area. It has been reported that this light "halo" con­
tained both mononuclear cells and neutrophils (Bendixen and Soborg, 1969; 
Senyk and Hadley, 1973). In contrast, Rosenberg and David (1970) reported 
that lighter "halo" areas were composed of almost all neutrophils and 
suggested that only mononuclear cells were inhibited &om migration. How­
ever, recently Brostoff (1974) reported that neutrophils were also inhib­
ited frcm migration. Hence it was decided to measure complete migration 
areas including "halo". 
In the present studies, data fail to show direct relationship between 
the amount of migration inhibition and the concentration of antigen used. 
Such variations in migration inhibition responses are commonly reported 
with many antigens systems (David et al., 1964; Curtis and Hersh, 1973; 
Senyk and Hadley, 1973). 
Keeping in view the variations in the migration areas within various 
treatments, each test was set in triplicate, mean migration areas with and 
without antigen were compared by using student t test and migration inhi­
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bitions below 20% were regarded as inconclusive (Bloom and Glade, 1971; 
Laraelin, 1971). 
The amounts of AsJ^ antigen required to produce MI in mice PEC were 
much higher than the amounts needed for swine PEC (mice, 100 to 180 ugm/ml 
of antigenic protein; swine, 20 to 40 ugm/ml of antigenic protein). Simi­
larly the cytotoxic levels of ASJ2 extract protein for nomal mice PEC 
were also higher than swine PEC (mice, 200 ygm/ml; swine 60 wgm/ml. MI 
of sensitized PEC from mice and swine in the presence of ASJ2 extract 
suggest that PEC from both animals contain sensitized lynphocytes and that 
migration inhibitory factor (MIF) was released. In addition, it has been 
reported that the migration and development of ^  suum is identical in 
mice and swine up to lung-stage juveniles (Douvres and Tronba, 1971) and 
similar immunological responses to ^  suum infections are induced in both 
mice and swine (Sprent and Chen, 1949; Bindseil, 1969a and b, 1970b and c; 
Kelley and Nayak, 1964; Taffs, 1968). Thus, it appears that differences 
in the amounts of antigen required to induce MI and cytotoxicity might be 
due to species differences. 
To correlate jji vitro migration inhibition of PEC with IH, DCH tests 
were conducted in ^  suum-infected mice and swine by intradermal injection 
of A. suum tris-buffered extract. 
Data of DCH test in swine indicate that all ^  suum-infected swine 
were positive for IH. Only 10 of these swine could be tested for DH by 
both MI and DCH, and it was observed that there was a direct correlation 
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all were positive for ffi). These results agree with the findings of 
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Wolf son et al. (1972), vdio reported very close correlation between DH and 
MI of peripheral leukocytes in S. mansoni-infected human subjects. Since 
production of MIF has bemi reported to be a prerequisite for IH (Dumonde 
et al., 1969; Turk, 1971; Bloom, 1971; Maddison, 1973), it is difficult to 
explain negative ME in three IH-positive swine. However, it has been re­
ported in mice that the quantity of MIF activity declines in the face of 
increasing or stable IB (Phillips et al., 1972). In view of many unan­
swered questions in MI tests, Brostoff (1974) suggested that the exact 
mechanism of migration inhibition must be worked out separately in each 
system of study with each antigen. Thus the present data indicate that 
in vitro Ml and in vivo DCH correlate well in swine undergoing ascariasis 
and MI can be used in swine as an in vitro correlate of IH. 
Although no attempts were made to study immediate hypersensitivity 
responses, it appears that all swine in this study underwent immediate 
hypersensitivity reactions following intradermal injection of antigen. 
It was observed that the skin swellings were erythematous and edanatous 
during the first 2 hours after intradermal injection of A. suum extracts. 
At 24 hours the skin lesions became indurated and had developed necrotic 
centers at the sites of injection. This reaction is typical of the imme­
diate Arthus-type reaction. In addition, animals showed signs of anaphy­
laxis within 15 minutes after injection, and one died due to acute ana-
phylatic shock. These observations in swine suggest immediate hypersensi­
tivity responses occur and are in agreement with previous reports of imme­
diate hyperseiujiiivity iii Ouici" ûiiimâls OVêiszeï et al., 1562; Lêvinc, 
1968; Strejan and Campbell, 1968; Dobson et al., 1971). 
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Histologie examination of the skin lesions at 48 and 72 hours re­
vealed reactions characteristic of as described by Turk (1971) and 
Maddison et al. (1972 and 1973). In addition, the skin lesions had ne­
crosis at the site of injection and infiltration of neutrophils, eosino­
phils and mononuclear cells suggestive of the Arthus-type response (Turk, 
1971; Maddison et al., 1973). Thus, it appears that the skin lesions 
progressed through successive stages characteristic of immediate and de­
layed hypersensitivity. The skin swellings in the noninfected swine were 
smaller than those in the infected animals and were undetectable by the 
24th hour. These swellings could be due to normal inflammatory responses 
to the injected antigen. 
In the infected mice data indicate that seven out of eight groups of 
sensitized pooled PEC fraii ^  suum-infected mice were inhibited from mi­
gration in the presence of AsJ^ extracts. But DCH reactions following 
intradermal injection of A. suum extracts were undetectable. It has been 
reported that the detection of delayed hypersensitivity reactions in the 
mouse presents technical difficulties (Borel and Bainbridge, 1973) and 
therefore mice are not commonly used to study DCH. Thus, it appears that 
though jji vitro MI tests indicated DH responses to ascariasis in mice, 
mice are not good models to study m vivo DH. 
Others have demonstrated DCH to ascaris materials. Michaeli et al. 
(1972) demonstrated DCH of guinea pigs to native Ascaris cutical collagen. 
Soulsby (1972) also indicated MI of PEC fran ^  suum-infected guinea pigs 
in the pT056nc0 of third-?t8ge A: sipjin juvenile extrscts, but no experi­
mental data are provided in that report. 
74 
SIMIARY AND CONCLUSIONS 
Studies on m vitro CAR to AsJ^ and IH reactions to ^  suum extracts 
were undertaken in mice and swine to determine the suitability of the 
mouse as an experimental model of ascariasis in swine. 
In vitro adherence of PEC to AsJ_ was observed in both A. suum-in­
fected and noninfected mice and swine. The CAR were greatly enhanced in 
the presence of PEF, and heat treatment of PEF significantly reduced the 
CAR in both infected and noninfected mice and swine. The mean percent of 
juveniles with CAR was higher in the reactions of cells and PEF from A. 
suum-infected mice and swine than in the reactions of PEC and PEC from 
noninfected mice and swine. 
It appears that CAR to ASJ2 might be mediated by antibodies, theimo-
labile and thermostable complement-dependent chemotactic factors and 
antigens present in the AsJg cuticles. 
In spite of sane quantitative differences, CAR followed similar 
patterns in both mice and swine, and the adhering cell types were also 
found to be similar in both animals. 
Delayed hypersensitivity reactions to ^  suum infections were demon­
strated by DCH reactions to intradermal injection of A. suum extracts and 
correlated with m vitro migration inhibitions of sensitized PEC in the 
presence of AsJg tris-buffered extract. 
These results indicate that there is a direct correlation between MI 
of sensitized PEC and DCH reactions in infected swine. Both immediate and 
delayed hypersensitivity responses were observed in infected swine follow­
ing intradermal injection of 500 ygm of ^  suum extract protein. EH re­
actions to ascariasis have not been reported in literature. 
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Pooled sensitized mouse PEC were also inhibited in the presence of 
AsJ^ extracts. However, DCH reactions following intradermal injection of 
A. suum extract were undetectable in mice because of technical diffi­
culties and it seems that the mouse is not a good model for the measure­
ment of DCH reactions in ascariasis. Thus, it would appear that mice can 
be used as a model to study CAR to AsJ^ and migration inhibition tests, 
but is unsuitable for DCH reactions. 
It may be that CAR is associated with cell-mediated immmity in A. 
suum-infected animals and with nonspecific foreign body reactions in non-
infected animals. Therefore, CAR may play a direct role in protection of 
the host by entrapping and damaging the juveniles and by ridding the hel­
minths from the body of the host. 
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APPENDIX 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Percentage of in vitro cell.adherence to AsJ^ of peritoneal exudate cells from Ascaris 
suum-infected mice. 
Washed PEC + 
No treatment of Washed PEC + heated PEF at 56®C Washed cells 
PEC and PEF nonheated PEF for 30 minutes in MEM 
96.29 87.09 66.66 43.47 
88.88 71.79 40.44 27.02 
78.57 65.85 56.25 41.17 
87.50 83.60 38.75 46.00 
82.05 73.52 57.40 28.23 
88.23 36.17 38.09 12.50 
44.64 51.06 3.33 14.06 
65.95 45.71 21.12 2.12 
55.00 51.85 25.00 1.61 
76.19 58.97 33.33 25.00 
67.34 72.58 34.93 24.00 
73.33 69.04 33.33 27.27 
68.51 61.60 36.92 20.33 
00 lO 
Table /I. (continued) 
Washed PEC + 
No treatment of Washed PEC + heated PEF at 56°C Washed cells 
Mouse ro. PEC and PEF nonheated PEF for 30 minutes in MEM 
14 66.66 68.00 17.80 21.87 
15 85.71 70.00 47.82 31.57 
16 73.68 62.50 42.30 27.77 
17 84.21 66.66 30.76 25.00 
18 79.16 73.33 42.30 36.36 
19 77.41 57.14 34.14 29.41 
20 77.77 65.00 37.50 24.00 
21 69.26 60.00 38.23 28.57 
22 52.63 65.21 41.66 32.24 
Mean 74.49(2.70)^ 64.39(2.47) 37.18(2.88) 25.86 (2.41) 
^Standard error in parentheses. 
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Percentage of in vitro cell adherence to AsJg of peritoneal exudate cells from nonin^ 
fected mice. 
Washed PEC + 
No treatment of Washed PEC + heated PEF at 56®C Washed cells 
PEC and PEF nonheated PEF for 30 minutes in MEM 
51.42 53.12 26.43 10.34 
44.23 37.20 29.41 10.34 
47.27 45.59 31.70 5.12 
53.48 42.59 25.59 6.66 
76.00 42.50 11.42 18.51 
77.35 42.64 18.18 9.75 
83.35 35.84 12.90 4.44 
66.66 29.16 16.98 8.57 
54.54 100.00 35.71 15.21 
66.66 71.42 42.85 21.05 
85.24 62.50 44.44 26.08 
81.25 53.33 40.00 16.00 
58.33 77.77 20.00 12.50 
Table P2. (continued) 
Mouse no. 
No treatment of 
PEC and PEF 
Washed PEC + 
nonheated PEF 
Washed PEC + 
heated PEF at 56°C 
for 30 minutes 
Washed cells 
in MEM 
14 80.76 73.07 31.42 25.00 
15 84.12 76.19 31.70 16.66 
16 77.27 20.83 30.43 17.85 
17 70.00 80.48 40.74 14.28 
18 94.44 58.33 47.05 17.64 
19 58.82 0 25.00 20.00 
Mean 69.08(3.37)^ 52.76(5.49) 29.58(2.43) 14.52 (1.43) 
^Standard error in parentheses. 
Table A3. Percentage of in vitro cell adherence to AsJg of peritoneal exudate cells from Ascaris 
suum-infected swine. 
Swine no. 
No treatment of 
PEC and PEF 
Washed PEC + 
nonheated PEF 
Washed PEC + 
heated PEF at 56°C 
for 30 minutes 
Washed cells 
in MEM 
247 86.79 100.00 92.60 36.00 
248 100.00 100.00 100.00 17.00 
286 90.00 100.00 90.00 62.00 
287 78.00 81.81 77.00 25.00 
288 97.10 82.60 92.00 37.50 
289 92.00 90.00 86.00 47.36 
290 91.66 91.66 82.50 16.66 
291 94.82 95.65 84.00 19.35 
470 84.60 82.92 63.33 36.84 
479 57.15 64.00 32.00 47.20 
481 84.10 82.50 79.66 37.50 
488 81.25 80.00 45.00 47.00 
Mean 86.45(3.26)^ 87.56(3.11) 77.11(5.87) 35.76 (4.07) 
^ÎJtandard error in parentheses. 
Table A4. Percentage of in vitro cell adherence to AsJg of peritoneal exudate cells from Ascaris 
suum-noninfectëî swine. 
Swine :ao. 
No treatment of 
PEC and PEF 
Washed PEC + 
nonheated PEF 
Washed PEC + 
heated PEF at 56°C 
for 30 minutes 
Washed cells 
in MEN 
477 100.00 92.00 35.00 11.36 
478 58.97 72.54 39.39 27.55 
480 80.76 88.32 36.66 0 
486 86.00 73.00 35.00 16.50 
487 75.43 57.14 43.14 4.^95 
489 92.50 92.30 65.00 61.32 
Mean 82.27(5.84)^ 79.20(5.73) 42.35(4.70) 20.27 (9.08) 
^Standard error in parentheses. 
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Table A5. Migration indices of peritoneal exudate cells from A. suum-
infected mice, incubated with extracts of ^  suum-iiSective-
stage juveniles. 
Group no. 
(pooled PEC 
from 6 mice) 
Mount of 
antigen 
(pgm/ral) Mean migration area 
Migration 
index 
1 Nil 4.20(0.69)* 
100 3.25(0.44) 0.77 
2 Nil 3.93(0.37) 
100 1.35(0.04) 0.35 
3" Nil 4.56(0.29) 
120 4.03(0.28) 0.88 
150 3.66(0.35) 0.80 
4^ Nil 6.90(0.29) 
180 3.66(0.40) 0.52 
s" Nil 5.46(0.37) 
180 5.20(0.90) 0.96 
6" Nil 5.90(0.20) 
180 4.40(0.12) 0.74 
7» Nil 6.70(1.50) 
180 5.10(0.89) 0.76 
8» Nil 9.70(0.53) 
xou r onfn u• J C 53 
^Standard error in parentheses. 
^Inbred C57Bl/6Sclif strain of mice. 
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Table A6. Migration indices of peritoneal exudate cells fran A. suum-
infected swine, incubated with extracts of ^  suum-infective-
stage juveniles. 
Amount of 
antigen Migration 
Swine no. (ygm/ml] Mean migration area index 
247 Nil 21.20(0.69)* 
20 . 17.40(1.90) 0.80 
30 12.60(1.80) 0.59 
35 13.05(1.55) 0.61 
248 Nil 15.60(0.90) 
20 21.46(2.02) 1.37 
30 23.83(0.26) 1.52 
40 23.73(2.82) 1.52 
286 Nil 16.80(1.44) 
20 16.30(1.59) 0.97 
30 14.56(0.47) 0.86 
40 11.70(1.15) 0.69 
287 Nil 25.83(2.66) 
20 16.00(2.31) 0.62 
30 14.10(2.49) 0.54 
40 14.86(1.93) 0.57 
Standard error in parentheses. 
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Table A6. (continued) 
Amount of 
antigen Migration 
Swine no. (ygin/ml Mean migration area index 
288 Nil 19.26(0.24) 
30 13.96(1.47) 0.72 
289 Nil 20.50(0.49) 
40 19.50(3.17) 0.95 
290 Nil 10.50(1.50) 
30 7.60(0.79) 0.72 
40 7.45(0.54) 0.70 
291 Nil 8.03(1.67) 
20 8.03(0.33) 0.61 
470 Nil 10.90(0.73) 
40 5.23(0.39) 0.48 
488 Nil 15.86(0.85) 
40 13.56(1.23) 0.85 
